Introduction
The Wnt genes take their name from the Drosophila gene Wingless (Wg) and the homologous murine proto-oncogene, int-1 (since renamed Wnt-1) identified in mammary tumours induced by integration of the murine mammary tumour virus (Nusse and Varmus, 1982) . Members of the Wnt family have been identi®ed in many species in which they play key roles in regulating cell dierentiation and pattern formation during embryogenesis. In Drosophila, Wg mutations disrupt segment polarity and normal segmentation patterning (NuÈ sslein-Volhard and Wieschaus, 1980; Rijsewijk et al., 1987) while, in Xenopus, ectopic expression of certain Wnt genes induces embryonic axis duplication (McMahon and Moon, 1989) . Elsewhere, other Wnt genes are reported to control the patterning of the developing neural tube (McMahon and Bradley, 1990; Dickinson et al., 1994; Thomas et al., 1991) and the developing limb buds (Dealy et al., 1993; Parr et al., 1993) . The possibility that members of the Wnt family are involved in carcinogenesis has also been well documented (e.g. Ramakrishna and Brown 1993; Vider et al., 1996; Huguet et al., 1994) .
Members of the Wnt family encode highly conserved secreted glycoproteins, between 320 and 350 amino acids in length, which act to mediate communication between cells (Papko, 1989; Papko et al., 1987; Brown et al., 1987; Papko and Schryver, 1990) . The intracellular signalling pathway associated with the Wnt proteins is conserved and several key elements including the catenins, which also interact with the cadherin cell adhesion molecules, have been wellcharacterized Rubinfeld et al., 1997; Yost et al., 1996) . Recently, the Drosophila gene frizzled (fz) was found to encode the receptor for the Drosophila Wg protein, and it is likely that homologous genes identi®ed in other species encode a family of receptors for the Wnt proteins generally (Bhanot et al., 1996; Yang-Snyder et al., 1996) .
To investigate a possible role for Wnt genes in the development and progression of human teratocarcinomas, and in human embryonic cell dierentiation, we have analysed Wnt expression in the pluripotent human embryonal carcinoma (EC) cell line NTERA-2. Teratocarcinomas constitute a subset of germ cell tumours, the most common cancer of young men (Andrews, 1988) . Their development involves differentiation of EC stem cells in a way that caricatures early embryogenesis. For example, NTERA-2 is an established human EC cell line that dierentiates into various cell types in vitro when exposed to retinoic acid (RA). This dierentiation is characterized by the loss of typical embryonic antigens, the induction of HOX genes in a dose-dependent manner, and the appearance of terminally dierentiated neurons (Andrews, 1984; Fenderson et al., 1987; Simeone et al., 1990) . NTERA-2 cells also dierentiate in an alternative, non-neural direction when induced with hexamethylene bisacetamide (HMBA) (Andrews et al., 1990) .
Using degenerate oligonucleotide primed RT ± PCR we have now found that whereas undierentiated human EC cells do not express Wnt genes, Wnt expression occurs upon RA-induced dierentiation and predominantly involves induction of the recently identi®ed Wnt-13 gene (Katoh et al., 1996) . We have also identi®ed expression of members of the frizzled gene family, suggesting the potential for Wnt-mediated interactions to occur between dierentiating cells.
Results

RT ± PCR screen of Wnt expression in dierentiating NTERA-2 EC cells
Degenerate RT ± PCR was carried out on mRNA isolated from undierentiated NTERA-2 EC cells, and NTERA-2 cells induced to dierentiate with RA (10 75 M) for 24 h, 48 h, 4 days, 7 days, 14 days, as well as puri®ed NTERA-2-derived neurons. Degenerate primers directed to conserved amino acids in the 3rd exon, as described by Gavin et al. (1990) , were used; the expected ampli®ed products were of 400 and 350 bp. No products are obtained either from the EC cells or the puri®ed neurons, but a DNA fragment of approximately 400 bp was ampli®ed from cells cultured for at least 48 h in RA, the strength of the bands increasing up to 14 days of RA treatment ( Figure 1 , lanes 2 ± 6). A weaker band of 350 bp was also evident in the later cultures but has not been analysed in detail.
PCR reactions were also carried out, using the same degenerate primers, on three dierent cDNA libraries constructed from undierentiated EC cells, puri®ed neurons and a sorted non-neuronal sub-population of RA-induced dierentiated cells, known as ME311+ cells, (Ackerman et al., 1994) . No PCR products were obtained from any of these libraries (Figure 1 , lanes 8 ± 11). Therefore these degenerate primers appeared speci®c for amplifying a gene expressed soon after the onset of NTERA-2 EC dierentiation but not in the more mature populations of dierentiated cells. Nevertheless, a speci®c Wnt-13 product was subsequently identi®ed in the ME311+ library.
The 400 bp PCR band obtained from cells cultured for 4 days in RA was excised and cloned into the vector, pCR II. Twenty recombinant transformants were isolated and sequenced. Nine clones diered from one another and showed no signi®cant homology to any known Wnt gene. The other eleven clones had identical sequences and one, pNT2WntX, was used for all further analyses. Clone pNT2WntX contains a 406 bp insert. Its sequence (Figure 2) is almost identical to a Xenopus laevis Wnt-1-related gene, described as XlWnt-2 by Wolda and Moon (1992) , and to the corresponding region of the recently described human Wnt-13 (Katoh et al., 1996) . As previously reported for Wnt-13, this fragment exhibits only 63% nucleotide identity to the published sequence of human Wnt-2. Both pNT2WntX and XlWnt-2 dier from Wnt-13 by a change from`G' to`C', at position 1324, which would result in a conservative amino acid change from Ser to Thr, but at position 1407 pNT2WntX diers from both Wnt-13 and XlWnt-2 with a change from`T' to`C'. The latter would result in substitution of Arg for a Cys residue that is highly conserved between all members of the Wnt family. We have therefore extensively checked this part of the sequence of pNTWntX, and have also found this sequence in the independent PCR clones derived from NTERA-2 cells. However, a genomic PCR clone for this region derived from NTERA-2 DNA proved to contain a G at this position. Thus the apparent base change in pNT2WntX appears to be an RT ± PCR artefact. Both pNT2WntX and Wnt-13 sequences dier from the XlWnt-2 sequence by insertion of`C' at Wnt-13 position 1238, and a deletion of`A' between Wnt-13 positions 1243 and 1244.
Developmental regulation of Wnt-13 in dierentiating NTERA-2 cells and in other human germ cell tumourderived cell lines
To con®rm developmental regulation of Wnt-13 during NTERA-2 dierentiation, Northern blots were probed with the pNT2WntX clone. No expression was seen in the starting EC cells but a single band of 2.4 kb was detected in mRNA from cells induced to dierentiate for 8 days with RA ( Figure 3a) and expression of this band increased by 14 days. In other experiments a weak band was also evident as early as 4 days. The level of Wnt-13 mRNA was not dependent upon the concentration of RA over the range 10 75 to 10 77 M (data not shown). Further Wnt-13 expression was also detected in NTERA-2 cells that had been induced by a 2 day exposure to RA and allowed to dierentiate for a further 5 days in its absence, and in cells induced to dierentiate by exposure to the alternative agent HMBA (Figure 3b ). However, the appearance of Wnt-13 mRNA in HMBA-induced cells was delayed by several days in comparison to RA-induced cells. By other criteria the HMBA-induced cells lose EC cell markers at a similar rate to RA-induced cells but acquire a distinct dierentiated phenotype (Andrews et Figure 1 Degenerate PCR analysis of Wnt-related genes expressed by RA-induced dierentiating NTERA-2 cells. Lanes 1 ± 5: RT ± PCR with RNA isolated from NTERA-2 EC cells and cells induced to dierentiate by exposure to 10 75 M RA for 1, 2, 4, 7 and 14 days respectively; lane 6 puri®ed NTERA-2 neurons; lane 7, water control. Lanes 8 ± 11: PCR with cloned cDNA from NTERA-2 EC cells, neurons and non-neuronal (ME311+) dierentiated cells (Ackerman et al., 1994) . Note the speci®c bands at the expected size of about 400 bp, and to a lesser extent at 350 bp, in the dierentiating cells between 2 and 14 days, and their absence from undierentiated EC cells, neurons and the later stages of dierentiation represented by the cDNA libraries al., 1990). By contrast, no speci®c mRNA was detected in any NTERA-2 cultures when the blots were probed with a human Wnt-2 cDNA clone and no expression of Wnt-1 was detected using speci®c primers in RT ± PCR (data not shown).
To examine further the pattern of Wnt-13 expression in RA-induced NTERA-2 cells, we tested for the presence of Wnt-13 clones in cDNA libraries derived from puri®ed neurons and the ME311+ subset of dierentiated, non-neuronal cells (Ackerman et al., 1994) . Using speci®c PCR primers designed for identi®cation of Wnt-13, we detected Wnt-13 in the ME311+ library, but not in the mature neurons ( Figure 4) ; as expected we did not ®nd Wnt-13 representation in the undierentiated EC cell library. The identity of the Wnt-13 PCR product derived from the ME311+ library and the absence of a Wnt-13 PCR product from the neuronal library was con®rmed by Southern blot analysis (not shown). Our initial failure to detect Wnt expression in the ME311+ library using degenerate PCR primers (Figure 1 ) probably re¯ects the lower eciency of that approach. Thus, once induced, Wnt-13 continues to be expressed in dierentiating NTERA-2 cells even after removal of RA, but it is not expressed by the terminally dierentiated neurons. Several other cell lines derived from human germ cell tumours and gestational choriocarcinomas were also tested by Northern analysis for Wnt-13 expression ( Figure 5 ). Among the EC cell lines TERA-1, 833KE and 1156QE (Andrews et al., 1980 (Andrews et al., , 1996 no expression was detected in TERA-1 or 833KE, but a faint band was detected in 1156QE. Unlike NTERA-2 cells, none of these EC cells dierentiate in response to RA (Matthaei et al., 1983) , although their phenotype may sporadically drift away from a characteristic human EC cell phenotype in response to sub-optimal culture conditions. The choriocarcinoma cell lines, JAR and BeWo, did not express Wnt-13. However, particularly strong expression was seen in the 577MF cell line which was derived from a metastatic testicular germ cell tumour. 577MF cells do not exhibit an EC phenotype and probably represent a malignant product of EC cell dierentiation (Andrews et al., 1980 (Andrews et al., , 1996 .
Like some other pluripotent EC cells, NTERA-2 cells dierentiate along multiple pathways in response to RA-induction, but the mechanisms that regulate the selection of alternative lineages is unknown. It is recently shown that the Drosophila gene frizzled encodes the receptor for the Wingless gene product, and it is anticipated that the numerous frizzled-related genes that have been identi®ed in several vertebrate species, including humans, encode receptors for the various Wnt gene products in these species. Using PCR primers designed speci®cally to amplify human frizzled-2 and frizzled-5 sequences, (Zhao et al., 1995; Wang et al., 1996) we detected expression of these genes in both NTERA-2 EC cells and in the RA-induced differentiated derivatives (Figure 6 ). We also found their representation in the neural and non-neural cDNA libraries (data not shown). Therefore, although the precise receptor for Wnt-13 has yet to be identi®ed, these cells may have the potential to respond to endogenously produced Wnt-13 which could then play a role in modulating the pathways of dierentiation initiated by RA-induction.
Wnt-13 cDNA from NTERA-2 cells; part of the published 5' sequence of Wnt-13 appears to be incorrect To con®rm that pNT2WntX corresponds to Wnt-13, the PCR clone was used to probe a cDNA library (Figure 2) . When used to probe a Northern blot, this cDNA clone detected a single 2.4 kb mRNA species similar to that detected by the pNT2WntX PCR clone (data not shown). The sequence of the cDNA clone is identical to the corresponding published Wnt-13 sequence except for four base changes and the absence of a 160 bp sequence immediately prior to the poly(A) tail. Three of the base changes are located in the predicted 3' UTR, whereas the one change in the coding region would not aect the predicted amino acid sequence.
To determine whether the 160 bp adjacent to the poly(A) tail, missing in the NTERA-2 derived clone, is indeed present in Wnt-13 mRNA of NTERA-2 cells, we carried out RT ± PCR with primers 7 and 8 corresponding to sequence 1755 ± 1772, 5' to the missing 160 bp sequence, and to sequence 2349 ± 2370 within the missing fragment. A PCR product of the predicted size (615 bp) was readily detected and con®rmed by cloning and sequence analysis (not shown), indicating that an mRNA species containing the previously published 160 bp segment is indeed present in dierentiating NTERA-2 cells. The shortened sequence present in the NTERA-2 derived cDNA clone pNT2Wnt13 may therefore be an artefact, although we cannot rule out the possibility that a shortened mRNA is also present in NTERA-2 cells.
Despite several attempts, we were unable to obtain a cDNA clone corresponding to the 5' region of the Wnt-13 transcripts, and attempts to amplify a fragment by PCR using a 5' primer based upon the published Wnt-13 sequence were also unsuccessful. However, after reviewing the Wnt-13 sequence reported by Katoh et al. (1996) , we noted that the ®rst 465 base pairs are identical to a human mitochondrial DNA sequence (GenBank accession number J01415), suggesting that those authors had been misled by a chimaeric clone (Figure 7) . To con®rm this, we carried out RT ± PCR with a 3' primer complementary to the sequence we had already identi®ed in NTERA-2 cells, and several 5' primers complementary to reported sequences on either side of the boundary of the putative mitochondrial DNA sequence (Figure 7 ). Three 5' primers corresponding to sections of the published sequence 3' to that boundary gave the expected PCR products ( Figure  8 ). By contrast, two other 5' primers corresponding to regions of the putative mitochondrial DNA sequence gave no PCR product. We concluded that the ®rst 465 nucleotides at the 5' end of the Wnt-13 sequence reported by Katoh et al. (1996) is erroneous. However, since the boundary of this mitochondrial rRNA sequence lies within the predicted 5' UTR the coding sequence appears to be correct and the amino acid sequence anticipated for the Wnt-13 protein would be unaected.
Discussion
Teratocarcinomas epitomise the notion that cancer is a disease involving disruption of cell dierentiation as well as cell proliferation. Further, it has long been known that, in the laboratory mouse, the EC stem cells of teratocarcinomas closely resemble embryonic stem cells and provide a tool for analysing the molecular processes that guide cell dierentiation in the early embryo (Martin, 1980) . Recently, the observation that Figure 6 RT ± PCR analysis of RA-induced dierentiating cells for expression of the human frizzled homologs 2 and 5 (GenBank accession numbers L37882 and U43318, respectively). Lanes 1 and 5, water; Lanes 2 and 6, EC; Lanes 3 and 7, RA-7 day; Lanes 4 and 8, RA-9 day. The expected PCR products for FZD2 and FZD5 were 485 bp and 483 bp, respectively. The identity of these PCR products was con®rmed after cloning and sequencing Figure 7 A representation of the Wnt-13 mRNA, with the coding sequence displayed as a shaded box showing the positions of the primer pairs used to attempt to amplify sequences corresponding to the 5' end of the Wnt13 mRNA (see Figure  7) . The NTERA-2-derived Wnt13 PCR and library clones are shown below and their corresponding positions are numbered. The raised section at the 3' end of the NTERA-2 cDNA clone corresponds to the missing 160 bp region. The 5' 465 bp region of Wnt13 with 499% nucleotide sequence identity to human mitochondrial DNA (GenBank accession number J01415) is marked Figure 8 Southern blot of RT ± PCR with RNA from dierentiated NTERA-2 cells (7d RA), using primers corresponding to dierent regions of the published Wnt-13 sequence (see Figure 6 ). Lane 1, primers 1 and 6; Lane 2, primers 1 and 5; Lane 3, primers 1 and 4; Lane 4, primers 1 and 3. Note that bands of the expected size were detected in Lane 1 ± 3, from which the PCR primers corresponded to Wnt-13 regions located 3' to the boundary of the suspected mitochondrial sequence. By contrast, no product was obtained with primer pair 1 and 3, primer 3 corresponding to a site within the suspected mitochondrial sequence; similarly no product was obtained using primers 1 and 2 (not shown) human EC cells share common features with ES cells derived from primate embryos (Thomson et al., 1995) has strengthened the notion that human EC cells may be used as corresponding tools for the investigation of early human embryogenesis (Andrews, 1997). Amongst human EC cell lines, the NTERA-2 system is probably the best analysed and most widely studied. In particular NTERA-2 EC cells are able to dierentiate into neurons and may provide the information especially pertinent to embryonic neurogenesis.
Our data demonstrate that the recently described human Wnt gene, Wnt-13 (Katoh et al., 1996) is expressed and developmentally regulated in differentiating NTERA-2 human EC cells, but not in the undierentiated cells themselves. So far Wnt-13 is the only Wnt-related gene detected in the NTERA-2. Whereas over half of the cloned DNA fragments isolated by degenerate RT ± PCR from NTERA-2 cells corresponded to Wnt-13, none of the remaining corresponded to any known Wnt gene. Further, we speci®cally searched for human Wnt-1 and Wnt-2 by RT ± PCR but failed to ®nd evidence of their expression. Although our search has not been exhaustive, Wnt-13 is certainly the most prominent Wnt gene expressed in this system. Wnt-13 is the most recent of the human members of the Wnt family to be identi®ed. Although we have not succeeded in obtaining a full length cDNA clone from the NTERA-2 system, our data do strongly indicate that the published sequence for Wnt-13 is partially incorrect and that a section of the predicted 5' UTR was derived from a mitochondrial DNA sequence presumably due to a chimaeric clone. In practice this does not aect the predicted amino acid sequence of the Wnt-13 protein.
Expression of Wnt-13 occurs after the ®rst few days of dierentiation, though transcripts were not detected at the earliest stages. Thus, expression was not found before 2 ± 4 days of RA-induced dierentiation and it plateaued several days later. By contrast, several HOX genes are induced by RA within 6 h and most HOX genes that are induced in this system are readily detectable within 4 ± 5 days (Simeone et al., 1990) . Wnt-13 was also induced by a short pulse of RA, even if the RA was removed well before maximum levels of Wnt-13 expression occur. Further, expression of Wnt-13 was induced not only by RA, which induces a prominent, though not exclusively, neural pathway of dierentiation, but also by HMBA which induces dierentiation along a distinct non-neuronal lineage and does not induce HOX expression. Therefore, Wnt-13 is not activated directly by RA, but its expression appears to be a secondary consequence of the cells entering a dierentiation pathway. Further, Wnt-13 induction evidently does not involve transactivation by HOX transcription factors since its expression occurs in HMBA as well as RA-induced cells. Following dierentiation Wnt-13 continues to be expressed in the non-neuronal lineage after removal of retinoic acid but not in the terminally dierentiated neurons.
The dierentiation of NTERA-2 EC cells is progressive and although neurons are prominent amongst the dierentiated derivatives in RA-induced cultures after 2 ± 3 weeks, various other cells expressing distinct, apparently non-neuronal phenotypes also appear. It is also clear that the NTERA-2 cells do express elements of the Wnt signalling pathway. We have detected expression of members of the frizzled family, which encode putative receptors for Wnt proteins. Further, in other studies we have also found expression of intracellular proteins involved in Wnt signalling pathways, including b-catenin, GSK-3b and APC (Ms. in preparation). Since the Wnt genes encode extracellular signalling molecules that regulate embryonic cell dierentiation, it is possible that Wnt-13 might mediate interactions between the dierentiated derivatives of the NTERA-2 EC cells, and so may modulate the direction of further dierentiation of these cells, perhaps contributing to the heterogeneity of the cultures. The absence of Wnt-13 expression in the terminally dierentiated neurons, and its induction by HMBA suggests that any such endogenous Wnt-13 signalling might be particularly pertinent to guiding dierentiation along non-neural pathways. Alternatively, since we have detected FZD2 and FZD5 transcripts in the neuronal cDNA library, it is possible that the terminal neurons might have the capacity to respond to Wnt-13 produced by non-neuronal cells in the cultures, for example, by modulating their ®nal phenotype.
Studies of other cell lines derived from germ cell tumours or from related choriocarcinomas con®rm that Wnt-13 is generally not expressed by undierentiated human EC cells. The very weak expression detected in the EC cell line 1156QE may re¯ect some degree of spontaneous dierentiation in these cells. By contrast, we detected considerably stronger expression in a cell line 577MF, corresponding to dierentiated cells from a malignant teratoma. The nature of the 577MF line is unclear although these cells certainly do not express an EC phenotype. In xenograft tumours they form an unde®ned tumour classi®ed as undierentiated carcinoma (Andrews et al., 1980) , while the expression of several ganglioside antigens by 577MF cells in vitro might be consistent with a link to a neuroectodermal lineage (Andrews et al., 1996) although there is no other evidence to support that notion. No expression of Wnt-13 was seen in the gestational choriocarcinoma cell lines JAR and BeWo. Katoh et al. (1996) mapped the human Wnt-13 gene to chromosome 1p13. It is therefore of some interest that Mathew et al. (1994) have identi®ed 1p13 as one site subject to relatively frequent loss of heterozygosity in germ cell tumours and especially teratomas. Our results with the NTERA-2 system and other human teratocarcinoma cell lines suggested that it is unlikely that Wnt genes play a role in the origins of germ cell tumours, but it is possible that they play a role in the histogenesis of teratocarcinomas resulting from the dierentiation of EC cells.
Materials and methods
Cell culture
NTERA-2 clone D1 (NTERA-2) human EC cells were maintained in undierentiated stock cultures at high density as previously described (Andrews et al., 1984) . The cells were passaged by scraping, and cultured in Dulbecco's modi®ed minimal essential medium (DMEM) supplemented with 10% fetal calf serum (FCS) under a humidi®ed atmosphere of 10% carbon dioxide in air. To induce dierentiation (Andrews, 1984) these cells were harvested using trypsin:EDTA (0.25% trypsin; 1 mM EDTA) and seeded at 10 6 cells per 75 cm 2 tissue culturē ask in medium containing 10 75 M all-trans retinoic acid (RA) (Eastman Kodak); cultures were routinely fed at weekly intervals. Neurons were puri®ed from retinoic acidinduced dierentiated NTERA-2 cultures after 3 ± 4 weeks using the technique described by Pleasure et al. (1992) . NTERA-2 cells were also induced to dierentiate by seeding in medium containing 3 mM hexamethylene bisacetamide (HMBA) (Andrews et al., 1990) . Other cell lines used were the testicular teratocarcinoma lines TERA-1 (Fogh and Trempe, 1975); 833KE, 1156QE and 577MF (Andrews et al., 1980) and the choriocarcinoma lines BeWo, (Pattillo and Gey, 1968) and Jar (Pattillo et al., 1971) .
RT ± PCR and PCR analysis
Poly(A) RNA (1 mg) from NTERA-2 EC cells, RA-induced NTERA-2 cells and puri®ed NTERA-2-derived neurons was reverse transcribed using 300 units MMLV reverse transcriptase (Promega) for 2 h at 358C in the presence of poly(dT) 18 /random primer, 200 mM dNTP in 50 ml reaction buer (®nal concentration 50 mM Tris-HCl pH 8.5, 40 mM KCl, 10 mM DTT, 7 mM MgCl 2 , 0.1 mg ml 71 BSA). For PCR, 50 ng of each substrate RT-cDNA or library cDNA was incubated with 15 pmoles primers, 200 mM each dNTP, PCR reaction buer, MgCl 2 2.5 mM, 1 unit Taq DNA polymerase and distilled H 2 O to 30 ml; the following PCR cycle was used: 938C, 3 min (1 cycle); 948C, 1 min, 608C, 1.5 min, 728C, 2 min, (35 cycles); 728C, 5 min (1 cycle).
Degenerate oligonucleotides corresponding to conserved amino acids in the 3rd exon of the Wnt gene family (Gavin et al., 1990) were used for degenerate PCR priming from RTcDNA:
5'-AAATCTAGA(AG)CA(AG)CACCA(AG)TG-(AG)AA-3'; 5'-GGGGAATTCCA(AG)GA(AG)TG(TC)AA-(AG)TG(TC)CAT-3'.
In addition, the following speci®c PCR primers corresponding to speci®c sections of the published Wnt-13 sequence (GenBank Accession No. Z71621) were also used: Wnt-13 Primer 1: (1484-1503) 5'-ACTCACACTGGGTAA-CACGG-3'; Wnt-13 Primer 2: (98-121) 5'-TACCGCAAGG-GAAAGATGAAAAAT-3'; Wnt-13 Primer 3: (377-394) 5'-AGAACCCTCTAAATCCCC-3'; Wnt-13 Primer 4: (505-523) 5'-TTGGAGTGGTAGCCATAAG-3'; Wnt-13 Primer 5: (654-674) 5'-AATATCCCTGGTTTGGTGAGC-3'; Wnt-13 Primer 6: (1159-1178) 5'-TGAGTGGTTCCTGTACTCTG-3'; Wnt-13 Primer 7: (2349-2370) 5'-AGGAGTGTTC-TAGGGTGTTTTA-3'; Wnt-13 Primer 8: (1755-1772) 5'-TGGTGTCCTGGCTGGTTC-3'.
The following primers were used for RT ± PCR of human frizzled-2 (Zhao et al., 1995) (FZD2, GenBank Accession No. L37882) and frizzled-5 (Wang et al., 1996) (FZD5, GenBank Accession No. U43318): FZD2 primer 1 (955-978) 5'-TACCCAGAGCGGCCTATCATTTTT-3'; FZD2 primer 2
